Food-storage behaviors can be plastic for food-hoarding species. Some hibernating, granivorous rodents switch seasonally from scatter hoarding (storing food in small, separate caches) to larder hoarding (concentrating food in a central location). To date, little is known about seasonal food-hoarding behaviors of free-living rodents that forage and store food year-round (i.e., nonhibernators). Using direct observations, radiotelemetry, and tracking with fluorescent powder, we discovered a striking seasonal shift in food-hoarding behaviors for Ord's kangaroo rat (Dipodomys ordii), a nonhibernating rodent in a region with dramatic seasonal climate (i.e., the Great Plains of the United States). In winter, D. ordii almost exclusively larder hoarded seeds in burrows and used a single burrow, which is consistent with the larder-defensibility hypothesis of food storage. The lack of suitable sites to scatter hoard due to snow cover and frozen soils likely contributed to larder hoarding in winter. In summer, most individuals scatter hoarded near seed sources, which is consistent with the rapid-sequestering hypothesis of food storage. In summer, individuals also commonly used multiple burrows, and differences in food-hoarding and burrow-use behavior were observed between sexes and between reproductively active and inactive females. By scatter hoarding and using multiple burrows in summer, kangaroo rats likely reduce costs associated with defending larder hoards while increasing benefits associated with reproduction. The seasonal interplay between food hoarding and burrow use by D. ordii appears to be important for securing and maintaining resources throughout the year in a temperate environment.
Storing food is a common behavior that allows animals to have partial control over food resources in their environment (Gerber et al. 2004; Vander Wall 1990) . If an animal stores food, patterns of storage range from larder hoarding (concentrating resources by making repeated deposits of food in a centralized location such as a burrow) to scatter hoarding (storing food in small, scattered caches-Vander Wall 1990). Although size and distribution of caches made by animals varies, these patterns can be distinguished by whether individuals make repeated deposits to a larder (larder hoarding) or a single deposit to a surface cache (scatter hoarding-Vander Wall 1990) . Thus, for burrow dwellers, distinct patterns of cache placement include larder hoarding inside a burrow, scatter hoarding near burrows, scatter hoarding near food sources, and scatter hoarding widely throughout home ranges (Jenkins et al. 1995) .
When animals employ such distinct food-hoarding strategies, they incur different costs and benefits associated with transporting and storing food, protecting food, and recovering food (Jenkins et al. 1995) . A major determinant in patterns of food storage is whether animals can protect their stored food (reviewed by Dally et al. 2006) . Food hoarders that effectively defend caches from competitors usually larder hoard in a central location such as a burrow, whereas animals unable to aggressively defend caches often scatter hoard (Smith and Reichman 1984; Vander Wall and Jenkins 2003) . Unguarded larder hoards inside burrows are susceptible to theft (Vander Wall et al. 2005) . Thus, food hoarding and burrow use appear interrelated; if animals concentrate their resources inside a burrow, then they should consistently use that burrow instead of using other burrows, leaving resources unprotected.
Because costs and benefits associated with patterns of food storage may change as conditions change (e.g., Downs and Vander Wall 2009) , plasticity in placement of caches and burrow use is important for food hoarders. For example, many species of granivorous rodents use a combination of foodhoarding patterns and switch from one pattern to another in response to factors such as the value of food (Leaver 2004; Leaver and Daly 1998) , proximity of food sources to burrows (Daly et al. 1992; Tsurim and Abramsky 2004) , presence of competitors (Murray et al. 2006) , pilferage of caches (Preston and Jacobs 2001; Shaffer 1980) , and season (Clarke and Kramer 1994b; Elliott 1978; Kawamichi 1980; Kuhn and Vander Wall 2009) .
Seasonal climatic variation is an important factor that influences food-hoarding behavior of hibernating animals. Yellow-pine chipmunks (Tamias amoenus) scatter hoard exclusively in summer but transfer cache contents to a larder hoard inside a single burrow before the onset of winter (Kuhn and Vander Wall 2009) . Elliott (1978) observed that eastern chipmunks (Tamias striatus) commonly scatter hoarded in summer but larder hoarded in autumn. Both species rely on their larder hoard during hibernation in temperate environments (Elliott 1978; Kuhn and Vander Wall 2009) , and a sufficient larder hoard appears crucial for winter survival of yellow pine chipmunks (Kuhn and Vander Wall 2008) .
Similarly, for nonhibernating rodents that forage and store food throughout the year, storing and maintaining an adequate amount of food also is likely critical for survival during harsh periods such as winter. However, it is not known whether nonhibernators change food-hoarding patterns seasonally. Kangaroo rats (Dipodomys) are nocturnal, burrow-dwelling rodents that are active year-round (Kenagy 1973; O'Farrell 1974) . Many species are prolific seed hoarders, storing food in both scatter hoards on the surface and larder hoards inside burrows (Breck and Jenkins 1997; Daly et al. 1992; Hawbecker 1940; Jenkins and Breck 1998; Leaver and Daly 2001; Longland et al. 2001; Price et al. 2000; Shaw 1934) . In this study, our main objective was to determine whether a nonhibernating rodent, Ord's kangaroo rat (Dipodomys ordii), changes seed-caching patterns (larder hoarding or scatter hoarding) and use of burrows (use of a single burrow or multiple burrows) from summer to winter in a region with marked seasonal differences in climate-the northern Great Plains of the United States.
Conditions at our study site, the Sandhill Region of Nebraska, provided a unique situation to investigate seasonal variation in food hoarding and burrow use of D. ordii. Summers are warm and winters are cold with snow, yet D. ordii is active on the surface in winter (White and Geluso 2007) . Also, D. ordii is abundant, and it is the only species of kangaroo rat in the Sandhills (Jones et al. 1983 ). Thus, food hoarding and burrow use were not confounded by presence of other species of kangaroo rats (Murray et al. 2006) .
In this region of its range, D. ordii is active in all seasons and reproduces only in the warmer months (Jones 1964) . In summer, because kangaroo rats are reproductively active and likely increase size of their home range, we expected that D. ordii would use multiple burrows. Multiple burrows would provide more escape refuges from scent-oriented predators that might target heavily used burrows (e.g., snakes), and more refuges from visual predators as kangaroo rats pursue mates and forage aboveground. If individuals use multiple burrows as predicted, they would not be able to adequately defend a larder hoard in a single burrow. Thus, we also predicted that individuals should scatter hoard seeds in summer.
In winter, however, we predicted that D. ordii should change its food-hoarding and burrow-use behaviors. Two species of kangaroo rats (Dipodomys merriami and Dipodomys microps) in eastern California decreased overall activity and used a single burrow in winter as the energetic costs of activity increased and availability of food decreased (Kenagy 1973) . In Nebraska, winter temperatures commonly are below 0uC, and snow can blanket the ground for many days (Wilhite and Hubbard 1989) . Although D. ordii forages on the surface in winter (White and Geluso 2007) , it seems advantageous that individuals would only use 1 burrow during this season to reduce costs of maintaining, finding, and reopening multiple burrows after snowfall. Additionally, heavily used burrows might not be as risky in winter because snakes are not active in that season. Larder hoarding also seems beneficial in winter to avoid costs associated with finding and recovering snow-covered and frozen scatter hoards. Instead of continuing to scatter hoard, we predicted that D. ordii would shift to a larder-hoarding strategy in winter-maintaining a larder hoard within a single burrow.
MATERIALS AND METHODS
Study site.-Our study was conducted at Crescent Lake National Wildlife Refuge in Nebraska (41u45940.90N, 102u26915.90W, elevation 1,165 m). Crescent Lake National Wildlife Refuge is located in the Sandhill Region of Nebraska, a 4.8-million-ha area of rolling sand dunes covered in grasses, forbs, and shrubs (Whitcomb 1989) . Common vegetation on the dunes includes sand bluestem (Andropogon hallii), sand muhly (Muhlenbergia arenicola), prairie sandreed (Calamovilfa longifolia), sand dropseed (Sporobolus cryptanthus), needle and thread (Stipa comata), sunflowers (Helianthus), blazing star (Mentzelia nuda), sand cherry (Prunus pumila), and soapweed yucca (Yucca glauca). Soils of the region are composed of sand mixed with 1-4% silt and clay (Whitcomb 1989) . Cold winters (average minimum temperature for January 5 212.9uC) and warm summers (average maximum temperature for July 5 30.7uC) are typical, and .80% of precipitation falls from April to September (Wilhite and Hubbard 1989) . Other species of seed-storing rodents at the study site included plains pocket mice (Perognathus flavescens) and North American deermice (Peromyscus maniculatus). Studies of food hoarding and use of burrows by D. ordii were conducted during 2 consecutive summers and winters (July-August 2006 and January 2007 and 2008 .
Evaluation of food-hoarding behavior.-To investigate differences in food-hoarding behaviors (scatter hoarding or larder hoarding), we used a combination of direct observations and tracking with powdered fluorescent pigments (Radiant Color, Richmond, California [Longland and Clements 1995] ). We used seeds of native soapweed yucca, a common and conspicuous plant of the Sandhill Region, in our seed-caching experiments. Seeds of Y. glauca are described as winddispersed (Bare 1979; Dodd and Linhart 1994) ; seeds are thin and light and can be carried by wind after they are shaken loose from dehiscent pods that split open in late summer and autumn. Yucca seeds appear to be an important food source for D. ordii in this region because individuals were observed harvesting seeds by dismantling pods before they dried and split open. Additionally, yucca seeds were readily gathered and cached by kangaroo rats in our preliminary studies. Yucca pods also provide a concentrated food source in nature, and some seed-filled pods are present on plants in winter. We collected seeds from pods of yucca plants in October 2005 , August 2006 , and January 2007 and 2008 . To determine average mass of seeds in yucca pods, we collected and weighed seeds from 11 pods in August 2006. Mean weight of seeds was 5.34 g/pod (range, 3.08-8.10 g/pod), which equates to about 250 seeds/pod.
For each experimental trial, 10 g of yucca seeds, equivalent to the mass of seeds from 2 average-sized pods (,500 seeds), was mixed with 1 g of green, yellow, or orange powdered fluorescent pigments and placed in a petri dish. The dish was placed in the center of a cookie sheet (23 3 33 cm), whose bottom inside surface was lined with sandpaper. Sandpaper was covered with a different color of pigment than seeds (e.g., green pigment on seeds and orange on tray). After individuals harvested seeds on the tray, they left fluorescent footprints on soil. Footprints were later followed with an ultraviolet light source to scatter hoards or larder hoards. When kangaroo rats collected seeds and placed them in their cheek pouches, they transferred the other colored pigment to forepaws and face, and upon deposition of seeds in scatter hoards, they transferred these pigments to the soil. This procedure enabled us to find scatter hoards relatively easily. When kangaroo rats transported seeds directly into a burrow to deposit seeds in a larder hoard, both colors of pigment were clearly visible on the trail leading to the burrow and at the entrance of the burrow, as individuals repeatedly used the same path to enter the burrow.
Seed-caching experiments were initiated just after sunset. We placed small piles of rolled oats (,1 g) at sites each night with favorable weather (i.e., no rain or strong winds). Sites selected for assessment of seed-caching behaviors had active signs of kangaroo rats including presence of burrows, surface runways, and tracks of kangaroo rats. We checked piles of oats approximately every 30 min to determine whether kangaroo rats had collected them. If oats were collected, then a seed tray with the 2-powder scheme was placed at the site and an observer watched the tray. Sites selected for seed trays were 70 m apart, but typically were .100 m apart to prevent the same individual from gathering seeds from multiple trays.
Observers watched the tray with night-vision binoculars (NVB 2.5; Yukon by Sibir Optics, Mansfield, Texas; Night Shadow, American Technologies Corp., South San Francisco, California) from 10 m away for at least 30 min. If no kangaroo rat approached the tray or if a kangaroo rat approached the tray several times and did not gather seeds, then the tray was moved to a new location. When a kangaroo rat began gathering seeds, an observer watched it harvest and cache seeds. Each individual was observed until all seeds were harvested or until the kangaroo rat did not return to the tray for 20 min. After observing individuals harvest and cache seeds from trays, we used a portable ultraviolet light to follow fluorescent trails of kangaroo rats. Most individuals remained in the field of view during observations; however, a few kangaroo rats moved to areas where it was not possible to observe their caching behavior, but for most of these individuals, we followed their fluorescent tracks to scatter hoards or larder hoards. When individuals collected seeds from a tray and deposited seeds into a burrow, they repeatedly left the tray in the same direction, used the same trail, and entered the same burrow. Conversely, when individuals made surface caches (i.e., scatter hoarding), they typically left the tray in different directions and often were observed digging a shallow pit in the soil and depositing seeds into the pit. Following trails of fluorescent powder allowed us to confirm that an individual either stored seeds in a surface cache or entered a burrow. However, following trails in the sandy substrate was challenging, and several trails were followed without finding a burrow or surface cache. The mean percentage of seeds that we recovered from caches of kangaroo rats that exclusively scatter hoarded was 53%. Also, we occasionally observed single yucca seeds on the surface, which likely represented dropped seeds and not a form of intentional food storage. When we observed a kangaroo rat make a surface cache, we never saw an individual return and make another deposit of seeds to the same cache. Based on our observations and fluorescent tracking, we considered a scatter hoard to be a group of 2 or more seeds at least partially buried in a pit below the surface of the ground (Leaver 2004) , and a larder hoard to be a trip to a burrow with seeds. Usually individuals made repeated visits to a burrow with seeds, but 2 individuals only took 1 load of seeds into a burrow. Both of these trips were considered larder hoards because both individuals were observed harvesting seeds from trays and then immediately entering a burrow. Because we did not excavate burrows, we assumed that all seeds taken into a burrow were cached and not immediately eaten. We recorded the total number of trips each individual made to the tray and whether each load was deposited in a larder hoard or a scatter hoard.
If scatter hoards were discovered, they were immediately uncovered, and depth from the surface of soil to the top of seeds was measured. We collected all seeds to determine their mass and number in each cache. We placed a numbered wire flag nearby to mark the location of each scatter hoard. In 2007, we also recorded whether scatter hoards were placed in open sand (open), at the edge of vegetation (edge), or surrounded by dense vegetation (cover). For a subset of scatter hoards (44) in 2007, we replaced collected seeds with the same number of unpowdered yucca seeds at the same depth as the original cache and covered them with sand using a spoon. No seed was handled to prevent transmission of human scent, which may increase detection of seeds by foraging rodents (Duncan et al. 2002; Wenny 2002) . We monitored caches daily to determine how quickly they were recovered or pilfered. If fluorescent trails led into a burrow, then the burrow also was marked with a wire flag.
After caches were discovered and marked, 5-20 Sherman live traps (7.6 3 8.9 3 22.9 cm; H. B. Sherman Traps, Inc., Tallahassee, Florida) were set in the immediate area of the seed tray and caches. Traps were baited with oats and checked during the night or following morning. Age (adult, subadult, or juvenile), sex, reproductive condition (males-scrotal or nonscrotal; females-estrous [swollen vulva], pregnant [distended abdomen], lactating [milk expressed from nipples], postlactating [nipples large and worn but no milk expressed], or nonreproductive), and mass of each animal were recorded. We also examined individuals to determine whether fluorescent powder was present. Individuals that harvested fluorescent seeds had powder inside their cheek pouches for several days. If multiple individuals were observed on or near seed trays simultaneously, data were discarded. During our study, 54 different adult D. ordii harvested and cached seeds, including 39 individuals in summer and 15 individuals in winter. D. ordii was the only species of rodent that harvested seeds from trays. Kangaroo rats that harvested seeds were observed making 160 caches in the soil (scatter hoards) and 75 trips to deposit seeds within burrows (larder hoards). Individuals varied in the amount of seeds they harvested from trays, but mean percentages were similar for those that scatter hoarded (81%), larder hoarded (77%), or both scatter hoarded and larder hoarded (95%).
Use of burrows during daytime.-We used radiotelemetry to examine the use of burrows by kangaroo rats. We radiotracked some kangaroo rats to their daytime burrows after they were observed storing seeds to investigate whether individuals that larder hoarded consistently used the same burrow and whether individuals that scatter hoarded used multiple burrows. For individuals tracked to burrows after scatter hoarding, we investigated placement of scatter hoards in relation to burrows and seed sources (see ''Distribution of scatter hoards and burrows''). We also radiotracked additional kangaroo rats not part of our food-hoarding study to determine location of their daytime burrows. These data provided a larger sample size to examine whether kangaroo rats changed patterns of burrow use from summer to winter.
To identify daytime burrows used by kangaroo rats, we located individuals in burrows for at least 4 consecutive days beginning the day after radiocollars were fitted in both seasons, with some individuals being monitored up to 15 consecutive days. Kangaroo rats were captured in live traps and fitted with radiotransmitters (model BD-2; Holohil Systems Ltd., Carp, Ontario, Canada) affixed to beaded-chain collars (Harker et al. 1999 ). We used 2 sizes of radiotransmitters to ensure that radiocollars were ,5% of body mass of animals. Small models (1.25 g) were affixed to individuals , 60 g, whereas larger models (1.93 g) were used on individuals 60 g.
We attached a collar around the neck of an individual after immobilization by us or by sedation with isoflurane (Isoflo; Abbott Laboratories, North Chicago, Illinois). We applied 0.1 ml of isoflurane to a cotton ball and placed it to the nose of an individual for approximately 25 s. Once animals were unresponsive, we attached collars. Next, individuals were placed into Sherman live traps for approximately 30 min before being released at the point of capture. Most individuals were released during daylight the day they were caught, and radiotracking commenced the next morning. Animals had 1 full night to select their daytime burrow. Some individuals (13) were released at night. We did not track these individuals the next morning but began locating them during daylight the following day so that each individual would have 1 full night to find a daytime burrow. Our capture and handling procedures of animals were approved by the Institutional Animal Care and Use Committee of Auburn University (IACUC 2003-0571) and followed guidelines of the American Society of Mammalogists (Sikes et al. 2011) .
Individuals initially were located at burrows during daylight hours by walking 5-m concentric circles around the point of capture with a receiver (R-1000; Communications Specialists, Inc., Orange, California) and 3-element yagi antenna (Wildlife Materials International, Inc., Murphysboro, Illinois). When individuals were located, we placed a wire flag near the position of the strongest underground signal from the radiotransmitter. On each successive day, we began our search at the location of the wire flag to determine whether individuals still occupied the same burrow. The number of different burrows occupied by each individual was recorded.
To retrieve radiocollars, we set live traps around occupied burrows until individuals were captured. Upon capture, the collar was cut and the radiocollar assembly was weighed. We weighed collars after retrieval instead of before attachment because the correct length of the beaded chain for each animal was determined during the final attachment to the animal. Weights of radiocollars (radiotransmitters plus the beaded chain) were ,5% of body mass of kangaroo rats (range, 2.9-4.9%). We also reexamined the reproductive condition of kangaroo rats upon recapture.
We radiocollared 69 adult D. ordii, including 37 females and 32 males. We attempted to locate individuals in burrows for at least 4 consecutive days; however, 3 radiocollars failed shortly after attachment, 2 kangaroo rats died after release, and 4 kangaroo rats were not recaptured. Thus, 60 unique kangaroo rats were radiocollared, tracked for 4 days, and recaptured, including 42 animals in summer (23 in 2006 and 19 in 2007) and 18 in winter (15 in 2007 and 3 in 2008) . Kangaroo rats were monitored for 5-15 consecutive days in summer and 4 or 5 consecutive days in winter. Twenty-five of these radiocollared kangaroo rats were tracked to their burrows after they were observed storing seeds that they harvested from trays, including 22 individuals in summer and 3 individuals in winter.
Distribution of scatter hoards and burrows.-To determine the distribution of scatter hoards relative to seed sources and burrows (i.e., whether caches were placed near burrow entrances, near seed sources, or far from both burrows and seed sources), we measured the straight-line distance from each cache to the seed source (i.e., tray) and recorded the cardinal direction for each cache in relation to the seed source. After individuals were radiocollared and their burrows were located, we measured distances from burrows to caches and from burrows to seed sources. We also recorded the cardinal direction for burrows in relation to seed sources.
Data analysis.-We used Fisher's exact tests to determine whether food-hoarding patterns changed from summer to winter for male and female kangaroo rats. Fisher's exact tests were used because they are precise tests of categorical data that do not require a minimum sample size. Each individual was categorized as a scatter hoarder if it exclusively made scatter hoards, a larder hoarder if each load of seeds was taken into a burrow, or both if an individual made scatter hoards and trips to a larder hoard. We combined the 2 summers and the 2 winters of data for each sex and compared whether the proportion of males that made scatter hoards, larder hoards, or both differed in summer and winter and we repeated the analysis with females. We also compared whether foodhoarding patterns differed between sexes in summer and winter using Fisher's exact tests.
We used the same approach to determine whether burrowuse patterns changed from summer to winter for kangaroo rats. First, we categorized each individual as using 1 burrow or .1 burrow for individuals located in burrows on 4 consecutive days. Although many individuals were monitored for longer periods in summer, we selected the first 4 days (after individuals were released and had 1 full night to select a daytime burrow) for analyses because most individuals in winter were only monitored 4 days. We compared whether the proportion of males using multiple burrows to those using a single burrow changed from summer 2006 to summer 2007 and repeated the analysis with females. The same test was not meaningful for winter because of the small sample size obtained in 2008. Because no difference was observed in use of burrows from year to year for either males (n 5 18, P 5 0.363) or females (n 5 24, P 5 0.180) in summer, we combined years to determine whether the proportion of males using multiple burrows or a single burrow differed in summer and winter and repeated the analysis with females. To investigate possible differences in use of burrows between sexes, we examined whether males and females differed in the frequency of multiple burrow use in summer and winter using Fisher's exact tests. To further explore burrow use between sexes in summer, we compared the number of burrows used by males and females during a 7-day period in each summer with Wilcoxon 2-sample tests. This time period was selected because 41 of 42 kangaroo rats in summer were monitored for at least 7 consecutive days.
To determine whether kangaroo rats placed scatter hoards closer to burrows or seed sources, we used paired-sample ttests after normalizing the distribution with a log transformation. If .1 scatter hoard was made by a kangaroo rat, then the mean distance from the seed tray to scatter hoards at each site was calculated, as well as mean distance from burrows to scatter hoards. In this analysis, we used kangaroo rats that occupied only 1 daytime burrow for at least 4 consecutive days after scatter hoarding. We repeated the analysis with all kangaroo rats, including those that used .1 daytime burrow. In this case, we used the distance to the 1st burrow the kangaroo rat occupied after caching trials. Statistical analyses were conducted using SAS (SAS 9.1; SAS Institute Inc., Cary, North Carolina). All P-values are 2-tailed with significance set at P , 0.05.
RESULTS
In the northern Great Plains, D. ordii altered food-hoarding and burrow-use behaviors seasonally (Fig. 1) . Both male and female kangaroo rats mainly scatter hoarded seeds in summer but larder hoarded seeds inside burrows in winter ( Fig. 1 ; males, n 5 26, P 5 0.0003; females, n 5 28, P , 0.0001). Additionally, kangaroo rats used multiple burrows more often in summer than winter (Fig. 1) . The proportion of female kangaroo rats using multiple burrows during 4 consecutive days was significantly greater in summer than in winter (67% versus 20%, respectively; n 5 34, P 5 0.023). The proportion of males using multiple burrows also was greater in summer than in winter (50% versus 25%, respectively), but this difference was not significant (n 5 26, P 5 0.395).
Summer food hoarding.-In summer, all 39 individuals (18 females and 21 males) scatter hoarded at least some harvested seeds, and 35 individuals (90%) only made scatter hoards (Fig. 1) . In this season, a significantly greater proportion of males scatter hoarded than did females (n 5 39, P 5 0.037). Not a single male larder hoarded seeds in summer, but 4 females larder hoarded some harvested seeds in summer; each female made 3-6 trips to a burrow to store seeds and each also made 1 scatter hoard. One of these females was lactating, and the other 3 were in estrus.
For the 22 individuals radiotracked to burrows after storing seeds, 18 of them only scatter hoarded seeds, 4 individuals (all females) scatter hoarded and larder hoarded seeds, and no individuals only larder hoarded. For those that scatter hoarded exclusively, 56% (10 of 18) used multiple burrows, whereas 44% (8 of 18) used 1 burrow during 4 consecutive days after storing seeds. For the 4 that scatter hoarded and larder hoarded, 1 consistently used the larder-hoarding burrow during 4 consecutive days after storing seeds there. Another female used the same burrow for 4 consecutive days, but it was not the burrow where she larder hoarded. The other 2 kangaroo rats used multiple burrows despite larder hoarding in 1 of these burrows. Both females used the larder-hoarding burrow for 2 consecutive days after storing seeds and then moved to a new burrow.
Distribution of scatter hoards relative to burrows and seed sources.-Most kangaroo rats did not disperse scatter hoards in every direction from the seed source, but concentrated caches in a narrower arc (X arc from seed source 5 116u, n 5 25), which was occasionally in the general direction of their burrow (44%, 27 of 62 caches made by 17 kangaroo rats were within a 45u arc of the burrow they used the next day). Although some individuals placed caches in the same direction as their burrow, kangaroo rats typically did not place caches directly outside burrow entrances. Only 7 of 74 scatter hoards made by 22 individuals were placed within 5 m of burrow entrances, and 5 of these caches were made by the 4 kangaroo rats that also larder hoarded within their burrow. For 9 kangaroo rats that consistently used the same burrow, individuals placed scatter hoards significantly closer to seed trays (X 5 10.0 m) than to burrows (X 5 15.6 m) in summer (t 8 5 3.38, P 5 0.010). The same trend was observed for 22 kangaroo rats that used 1-3 burrows after scatter hoarding seeds (t 21 5 2.86, P 5 0.009). Our maximal distance of an observed scatter hoard was 56.4 m from the seed source.
Characteristics of scatter hoards.-To scatter hoard, kangaroo rats dug a pit in sand, pushed yucca seeds out of cheek pouches with their forepaws, and usually covered seeds by pushing sand over the cache with their forepaws. Most scatter hoards were large; 95% of caches created by males and females contained .20 seeds (Fig. 2) . Mean size 6 SD (minimummaximum) of scatter hoards was 60 6 21 seeds (2-105 seeds) for males and 60 6 21 seeds (10-110 seeds) for females. Most caches (135 of 144) were buried with sand, but 9 scatter hoards were not completely buried. Mean depth 6 SD (minimummaximum) of seeds was 14 6 7.4 mm (0-40 mm). Caches typically were placed at edges of vegetation (65%, 44 of 68), whereas some were placed in cover (25%, 17 of 68), and a few were placed in open sand (10%, 7 of 68). Most caches were recovered or pilfered quickly; 66% (29 of 44) of scatter hoards disappeared within 8 nights.
Summer use of burrows.-In summer, no difference was observed in the frequency of multiple burrow use between sexes (n 5 42, P 5 0.348). During 4 consecutive days, 67% (16 of 24) of females and 50% (9 of 18) of males used multiple burrows (Fig. 1 ). For individuals with 7 consecutive days of data in summer, both females (79%) and males (65%) commonly used multiple burrows. However, females used significantly more burrows than did males in summer 2006 (n 5 22, z 5 2.259, P 5 0.035). In summer 2007, females also used more burrows than did males, but the difference was not significant (n 5 19, z 5 0.697, P 5 0.495). Lactating and recently lactating females used the most burrows; 5 of these individuals used 4 different burrows in 7 days, whereas other kangaroo rats used 1-3 burrows in 7 days (Appendix I).
Burrow use in summer appeared to be specific to individuals, at least during this limited number of days of observation. Some individuals used the same burrow each day, whereas others changed burrows nearly every night, often returning to a previously used burrow. For example, 1 scrotal male used the same burrow for 10 consecutive days, but another scrotal male used 3 burrows in 7 days and moved from 1 burrow to another 5 times during this period. A lactating female used the most burrows; she was located in 6 different burrows during 13 consecutive days (Appendix I).
Winter food hoarding and use of burrows.-No difference was observed in food-hoarding patterns between males and females in winter (n 5 15, P 5 0.407). Of the 15 kangaroo rats that harvested seeds in winter (10 females and 5 males), every individual larder hoarded seeds, except a single male that only scatter hoarded (Fig. 1) . The other 4 males only larder hoarded seeds in winter and did not scatter hoard in this season. In addition, 8 females only larder hoarded seeds and 2 females larder hoarded and scatter hoarded seeds in winter (Fig. 1) . Individuals that larder hoarded made 1-6 trips from the seed source to a single burrow to store seeds, except 1 female that stored seeds in 2 different burrows.
Three individuals were radiotracked to burrows after storing seeds in winter, and 2 of them (both females) occupied their same burrow during the day for 4 consecutive days after larder hoarding in that burrow. The other individual (male) larder hoarded seeds in a burrow and occupied that burrow for 3 consecutive days and then moved to a new burrow. During 4 consecutive days in winter, no difference was observed in burrow use between males and females (n 5 18, P 5 1.00). Most individuals used a single burrow including 80% (8 of 10) of females and 75% (6 of 8) of males (Fig. 1) .
DISCUSSION
In the Sandhill Region of Nebraska, D. ordii altered foodhoarding and burrow-use patterns seasonally. Individuals commonly scatter hoarded seeds and used multiple burrows in summer, but in winter, they stored seeds in larder hoards inside burrows and used a single burrow. Such plasticity in food-hoarding behavior also is reported for chipmunks, which move scattered caches to burrows before hibernating in winter (Kuhn and Vander Wall 2009) or switch from a combination of scatter hoarding and larder hoarding in summer to almost exclusive larder hoarding in autumn before hibernating in winter (Elliott 1978) . Our study demonstrates a seasonal change in patterns of food storage for a nonhibernating rodent that forages and stores food throughout the year. Prior research with kangaroo rats also shows that some species are behaviorally plastic with seasonal use of burrows (Kenagy 1973) . Our study demonstrates a link between these 2 behaviors (food hoarding and burrow use), highlighting the adaptive abilities for D. ordii in climatic regions with marked seasonal differences. Various factors influence patterns of food storage (e.g., Clarke and Kramer 1994b; Murray et al. 2006; Tsurim and Abramsky 2004) , and our research suggests that seasonal climatic regimes also can be important in understanding food-hoarding behaviors of rodents.
The stimulus to scatter hoard in summer was strong for D. ordii-all individuals scatter hoarded at least 1 load of seeds and most only scatter hoarded. Many scatter hoards were large and placed near food sources, lending evidence for the rapidsequestering hypothesis (Jenkins and Peters 1992) . The benefits of caching near food sources (i.e., rapid sequestering) likely include protecting a rich seed patch by not leaving the patch for extended periods to place caches farther apart. D. ordii is abundant in the Sandhill Region (Jones et al. 1983) , and individuals commonly overlap in foraging areas. We observed or captured multiple kangaroo rats at 64% (29 of 45) of seed trays in summer. Additionally, chasing and fighting were observed when individuals encountered each other at trays, suggesting that competition at seed patches occurs, and rapid storage of seeds at nearby sites is an effective strategy to initially secure resources.
With our methods, we only determined the initial location of caches. Many scatter hoards were recovered or pilfered quickly in summer, and the subsequent fate of seeds is unknown. Although recovered scatter hoards could have been redistributed into larder hoards, excavation of burrows of D. ordii did not contain extensive larder hoards in summer at the study site (White 2009 ). We suspect caches were recovered and redistributed by the original hoarder as scatter hoards. In laboratory arenas, D. merriami exhibited a 2-phase scatterhoarding pattern (Jenkins and Peters 1992) . Individuals initially placed caches close to the food source (i.e., rapid sequestering) and then retrieved caches and repositioned them farther apart (i.e., spacing-out hypothesis- Tinbergen et al. 1967) . For many animals, spacing-out caches affords more protection from pilferage (reviewed by Vander Wall and Jenkins 2003). Our findings support the initial pattern of rapid sequestering of resources for D. ordii in a natural setting, but further research is needed to verify whether cached resources are subsequently spaced apart for protection. It is important to conduct follow-up studies in the field because of contradictory findings between laboratory and field studies in food-hoarding patterns of kangaroo rats (Leaver 2004; Leaver and Daly 1998) , and few studies have been conducted with free-living populations (Murray et al. 2006) .
Kangaroo rats rarely larder hoarded in summer in the Sandhills compared to their winter behaviors. This change eliminates costs associated with defending larders. During warmer months, allocation of time and energy toward food acquisition and reproduction instead of protection of larder hoards might explain such a change in behavior. In the Sandhill Region, most plants produce seeds during the AprilSeptember growing season (Wilhite and Hubbard 1989) . This is also the time of year when D. ordii in Nebraska reproduces (Jones 1964) . Thus, in summer, when food is abundant and mates are receptive, kangaroo rats might increase reproductive fitness by pursuing mates instead of remaining near a burrow to defend a larder hoard.
Few kangaroo rats in our study placed caches near burrow entrances, but those that did (n 5 6) included the 4 individuals that also larder hoarded in summer. Use of multiple burrows and concentrating caches near entrances appears risky for the same reasons described for larder hoarding within burrows-concentrated caches would be susceptible to pilferers unless defended, and adequate defense is unlikely when individuals use other burrows. Similar to D. ordii in summer, D. merriami uses multiple burrows (Behrends et al. 1986a; Kenagy 1973) and typically does not scatter hoard near burrow entrances (Daly et al. 1992) . In contrast, some species of kangaroo rats concentrate caches near burrows, although they might also scatter hoard away from burrows. Giant kangaroo rats (Dipodomys ingens) and narrow-faced kangaroo rats (Dipodomys venustus) make shallow caches near burrow entrances but also maintain larder hoards within burrows (Hawbecker 1940; Shaw 1934) . Shaw (1934) showed that D. ingens transfers scatter hoards into its burrow once seeds have cured. Eastern chipmunks also place scattered caches near burrow entrances and maintain larder hoards inside burrows (Clarke and Kramer 1994a; Shaffer 1980) . Scatter hoarding near burrow entrances could be considered an extension of larder hoarding for those rodents because they maintain both types of hoards at the same time. Why some female D. ordii made caches near burrow entrances and larder hoarded inside burrows in summer at our study site is unclear but likely is related to reproductive activities.
All males exclusively scatter hoarded in summer, as well as most females, but some females also larder hoarded seeds in addition to scatter hoarding. Studies with D. merriami showed no differences in scatter hoarding or larder hoarding between sexes in laboratory arenas, but for those studies, all individuals were nonreproductive (Jenkins and Peters 1992; Jenkins et al. 1995) . Observations of occasional larder hoarding in summer in our study appear to be influenced by reproductive condition of females, albeit our sample size is limited. Three of the 4 larder-hoarding kangaroo rats were in estrus and the 4th was lactating. Larder hoarding has been observed in kangaroo rats just before parturition (Eisenberg 1993; Jones et al. 1983 ) but was not associated with estrus or lactation. Conversely, larder hoards created by females in summer might represent another form of rapid sequestering. Burrows where females deposited seeds were closer to seed sources (X 5 9.0 m, n 5 4) than burrows of females that exclusively scatter hoarded (X 5 24.8 m, n 5 7), but not significantly closer (Wilcoxon 2-sample test; z 5 1.799, P 5 0.072). Similarly, D. merriami mainly scatter hoards in California, but initially larder hoards when seeds are discovered close to burrows (Daly et al. 1992) .
Seasonal food-hoarding strategies of D. ordii appear to be associated with seasonal patterns of burrow use. Moreover, patterns in burrow use appear, in part, to be related to predation and reproductive activities. Use of multiple burrows in summer might make kangaroo rats less vulnerable to predators and parasites. Heavily used burrows might attract scent-oriented predators (e.g., snakes) or become infested with parasites; thus, animals might frequently change burrows to reduce scent in daytime refuges (Behrends et al. 1986a ). Additionally, multiple burrows could provide escape refuges when kangaroo rats flee predators aboveground. Daly et al. (1990) demonstrated that more mobile kangaroo rats are at greater risk from predators, and some kangaroo rats increase surface activity (D. merriami- Behrends et al. 1986b) or size of home range (male D. ingens-Cooper and Randall 2007) when reproductively active. If D. ordii follows this pattern and moves more during the summer reproductive season, escape from a predator might depend on proximity to a familiar refuge. With more burrows available in the home range, the distance to a familiar refuge would be shorter and escape more likely. Avoidance of predators and parasites while increasing opportunities to encounter mates and acquire foods might lead to use of multiple burrows by D. ordii in summer.
Although male and female D. ordii commonly used multiple burrows in summer, females used more burrows than males in this season. Differences in burrow use between sexes appear to be associated with reproductive condition because female kangaroo rats changed burrows most often when lactating or recently lactating (Appendix I). It is unknown whether mothers moved young to other burrows or left them in unattended burrows. Similar to our observations, female D. ingens also used more burrows than did males during the breeding season (Cooper and Randall 2007) , and female D. merriami changed burrows while lactating (Behrends et al. 1986a) . Despite similar observations, explanations for why nursing kangaroo rats change burrows remain unclear. Leaving young unattended for prolonged periods has been observed in lagomorphs (e.g., Stoddart 1984) and chipmunks (e.g., Kawamichi 1989) and was suggested as a strategy to reduce risk of predation, but to our knowledge, this behavior has not been reported for kangaroo rats. Another explanation for why females use multiple burrows in summer is to provide future burrows for offspring (e.g., Kawamichi 1989) . Examination of our data suggests that females changed burrows most often near the end of lactation, when weaning of juveniles likely occurred and before juveniles dispersed. For example, we captured a juvenile kangaroo rat in an adjacent trap to a postlactating female, suspected to be the mother, who used multiple burrows. When released, the juvenile entered a burrow . 25 m away used by the female on a previous day. If juveniles use and learn about burrows occupied by their mother, they might continue to use these burrows after being weaned. Acquisition of burrows by juvenile kangaroo rats is not well understood (Eisenberg 1993) , but some evidence suggests that young kangaroo rats inherit burrows from their mothers (Jones 1986 ).
In winter, most kangaroo rats larder hoarded seeds in their single burrow, which is consistent with the larder-defensibility hypothesis of food storage (Vander Wall et al. 2005) . By concentrating seeds in a single burrow, these seeds are readily accessible, reducing costs (e.g., energy expenditure and exposure to predators) associated with retrieving scattered food resources (Jenkins and Peters 1992) . Our observations suggest that a shift in food-hoarding behavior and burrow use from summer is, in part, a response to a physical inability (i.e., energetic costs) to scatter hoard and maintain multiple burrows during harsh winter conditions. During winter, temperatures were cold at night, reaching 215uC, and snow covered .90% of the ground at the onset of both winter field seasons. Despite these conditions, we observed kangaroo rats foraging and storing seeds in winter, and most individuals (78%) used only 1 burrow in this season. Use of a single burrow in winter likely reduces costs associated with maintenance of multiple burrows and travel between burrows. Several species of Dipodomys, including D. ordii, ceased activity on the surface when the temperature was below 215uC and snow covered .40% of the ground in Nevada (O'Farrell 1974) . A complete cessation of activity was not observed in our study; however, with even lower temperatures and more snow, which is likely to occur in some years, kangaroo rats might stay inside burrows for extended periods. Under those conditions, survival might rely on a sufficient store of food in a single burrow.
Although larder hoarding provides kangaroo rats convenient access to food resources, this strategy only is beneficial when individuals protect their larder hoard (Vander Wall et al. 2005) . In winter, our observations showed that kangaroo rats commonly returned to the same burrows in the Sandhill Region (this study) and remained longer in burrows before onset of aboveground movements (White and Geluso 2007) , which affords greater protection of a larder hoard in their single burrow than in summer when most used .1 burrow. We also observed a female defending her larder in winter; she chased another kangaroo rat away from her burrow immediately after she stored seeds inside. Use of a single burrow is risky because heavily used burrows might attract scentoriented predators. But in winter, this risk is partially alleviated because not all scent-oriented predators are active (e.g., snakes). Larder hoards also are safer in winter compared to summer because they are not susceptible to all potential interspecific pilferers. North American deermice are active on the surface in winter and may pilfer some caches of kangaroo rats. However, pocket mice, known pilferers of caches made by kangaroo rats (Daly et al. 1992; Leaver and Daly 2001) , undergo torpor during cold weather (French 1993) and are not active on the surface in winter in this temperate region (Jones 1964) .
Despite evidence supporting the larder-defensibility hypothesis, D. ordii in the northern Great Plains might actually be limited to larder hoard seeds in winter based simply on abiotic factors. Soils in the Sandhill Region are not pure sand but are composed of sand mixed with 1-4% silt and clay (Whitcomb 1989) . Such properties slow drainage of water from soil, increasing the freezing potential. In winter, most of the ground was covered with snow or wet sand from recent snow melts. Top layers of exposed sand and snow often were friable during warmer daytime temperatures, but refroze at night. Because of solidity of these substrates, we suspect kangaroo rats cannot dig through this frozen snow to make scatter hoards or to recover seeds in scatter hoards or in soil seed banks. We were unable to excavate burrows in winter because we could not penetrate more than a few centimeters below the surface. We observed kangaroo rats traveling often over snow and frozen sand while transporting seeds, but we never observed them scatter hoarding in these substrates. Only a few individuals scatter hoarded in winter and each of them scatter hoarded in a patch of dry, friable sand. One of us (JAW) observed a kangaroo rat in winter repeatedly attempt to dig in frozen sand. This individual probed the soil with her forepaws until she found a patch of dry sand where she made 3 scatter hoards. Thus, climatic and local abiotic conditions might be the ultimate determinant for the shift from summer to winter regarding burrow use and food hoarding. Future research examining the timing and stimulus of this seasonal shift in behavior would be interesting.
